Two strains were isolated from oral cavity samples of healthy elephants. The isolates were Grampositive, catalase-negative, coccus-shaped organisms that were tentatively identified as a streptococcal species based on the results of biochemical tests. Comparative 16S rRNA gene sequence analysis suggested classification of these organisms in the genus Streptococcus with Streptococcus criceti ATCC 19642 T and Streptococcus orisuis NUM 1001 T as their closest phylogenetic neighbours with 98.2 and 96.9 % gene sequence similarity, respectively. When multi-locus sequence analysis using four housekeeping genes, groEL, rpoB, gyrB and sodA, was carried out, similarity of concatenated sequences of the four housekeeping genes from the new isolates and Streptococcus mutans was 89.7 %. DNA-DNA hybridization experiments suggested that the new isolates were distinct from S. criceti and other species of the genus Streptococcus. On the basis of genotypic and phenotypic differences, it is proposed that the novel isolates are classified in the genus Streptococcus as representatives of Streptococcus oriloxodontae sp. nov. The type strain of S. oriloxodontae is NUM 2101 T (5JCM 19285 T 5DSM 27377 T ).
The genus Streptococcus includes Gram-positive, facultatively anaerobic, catalase-negative cocci occurring in chains or in pairs. Oral streptococci have been divided into four major groups, mutans, salivarius, anginosus and mitis, based on their 16S rRNA gene sequences (Facklam, 2002) . The mutans streptococci are prevalent within human and animal oral cavities and are aetiologically accepted as the main bacteria of dental caries, because these bacteria show acidogenicity, glucan productivity and aciduric activities. Mutans streptococci were initially considered to consist of seven species: Streptococcus mutans, Streptococcus sobrinus, Streptococcus criceti, Streptococcus ratti, Streptococcus ferus, Streptococcus downei and Streptococcus macacae (Beighton et al., 1981; Hamada & Slade, 1980; Whiley & Beighton, 1998 ) that were generally accepted as the main bacterial causes of dental caries. However, novel mutans streptococci such as Streptococcus orisuis, Streptococcus dentirousetti, Streptococcus dentapri, Streptococcus ursoris, Streptococcus orisasini, Streptococcus dentasini and Streptococcus troglodytae have been isolated recently from the oral cavities of the pig, bat, wild boar, bear, donkey and chimpanzee, respectively (Takada & Hirasawa, 2007 Shinozaki-Kuwahara et al., 2011; Takada et al., 2010 Takada et al., , 2013 Okamoto et al., 2013) .
To examine the oral microflora of elephants, mitis salivarius (MS) agar (Difco) was used to isolate the mutans streptococcus-like species. Mutans streptococci are known to form characteristic colonies on MS agar plates due to the production of extracellular polysaccharides from sucrose (Hamada & Slade, 1980) . Two streptococcus-like strains, NUM 2101 T and NUM 2102 were isolated and grown on brain heart infusion (BHI; Difco) agar at 37 uC under an atmosphere of 95 % N 2 and 5 % CO 2 . Biochemical analysis was conducted using the Rapid ID32 Strep, API 50 CH and API ZYM systems (bioMérieux) according to the manufacturer's instructions. These strains formed small, raised, adherent colonies that had irregular margins on MS agar. Cells were Gram-stain-positive and catalase activity was found to be negative. Haemolytic activity using BHI agar supplemented with 5 % sheep blood was negative. Although colony formation resembled that of the mutans streptococcus group, the biochemical characteristics of the isolated strains did not correspond to any recognized species of the genus Streptococcus. The phenotypic characteristics that differentiated the proposed novel species from the closely related streptococcal species are shown in Table  1 . The new isolates could be distinguished from S. criceti on the basis of D-tagatose and D-arabitol fermentation.
Mutans streptococci have ten kinds of serotypes, a-h, k and p, based on cell surface carbohydrate antigens (Hamada & Slade, 1980; Whiley & Beighton, 1998; Nakano et al., 2004; . Serological analyses of isolates were conducted by agar-gel immunodiffusion methods using rabbit antisera raised against the reference strains of mutans streptococci prepared previously (Hirasawa et al., 1980; Takada et al., 1984) . Rantz-Randall extract antigens were prepared from cells cultured overnight on BHI, as described by Rantz & Randall (1955) . Immunodiffusion tests demonstrated that NUM 2101 T formed no precipitation line with any antisera prepared against mutans streptococcal strains of serotypes a-h, k and p. This result suggested that the novel isolate NUM 2101 T could not be grouped with any known serotype of mutans streptococci. It was indicated that the isolates differed from that of S. criceti, which grouped as serotype a. The Lancefield grouping test was performed using a Streptococcal grouping kit (Oxoid). No Lancefield carbohydrate antigens were detected in the two strains. Mutans streptococci are known to secrete glucosyltransferases, which produce water-insoluble glucans from sucrose. These strains exhibited the ability to synthesize water-insoluble glucans when incubated with sucrose and culture supernatant.
Chromosomal DNA was extracted and purified to determine the G+C contents, DNA-DNA relatedness and 16S rRNA gene sequences of the isolated strains, as described by Shiroza et al. (1998) . The G+C content of DNA was measured using HPLC, as described previously (Hirasawa & Takada, 1994) . The results were taken from three independent experiments per sample. The DNA G+C contents of the isolated strains were 37.2±1.0 mol%. This result was similar to that for S. mutans, but not S. criceti, which shows 42-44 mol% DNA G+C content (Table 1) . To assess the phylogenetic position of the isolated strains, an almost entire 16S rRNA gene was obtained by PCR, sequenced with an ABI PRISM 3130 Genetic analyser using a Big Dye Terminator version 3.1 cycle sequencing kit (Life Technologies), and subjected to a comparative analysis. The 16S rRNA gene was amplified by PCR using the primers 27f (59-AGAGTTTGATCCTGGCTCAG-39) and 1525r (59-AAAGGAGGTGATCCAGCC-39). Additional primers for determination of 16S rRNA gene sequences were described by Hiraishi (1992) . The sequence data were analysed using DNASIS software (Hitachi Solutions). Previously determined 16S rRNA and housekeeping gene sequences used for comparisons in this study were retrieved from the DDBJ/ EMBL/GenBank databases using BLAST algorithms. Sequences of the 16S rRNA gene of NUM 2101 T and NUM 2102 showed 100 % similarity. Analysis of 16S rRNA gene sequences showed that NUM 2101 T belonged to the genus Streptococcus with 98.2 % 16S rRNA gene sequence similarity to S. criceti. Phylogenetic analyses were performed using the MEGA 5.2.2 software package (Tamura et al., 2011) . Pairwise alignments were calculated and a phylogenetic tree showing the phylogenetic position of NUM2101 T was reconstructed according to the neighbour-joining method. In the phylogenetic tree reconstructed based on 16S rRNA gene sequences, NUM 2101 T consistently clustered with S. criceti ( Fig. 1 ; an extended version of this tree is presented in Fig. S1 , available in the online Supplementary Material). Sequence analysis of protein encoding genes is increasingly used in taxonomic studies of various lactic acid bacteria including streptococci (e.g. Huch et al., 2013; Kadri et al., 2014) . In general, these studies confirm that housekeeping genes, especially when applied in a multi-locus approach, have a taxonomic resolution superior to that of 16S rRNA gene sequence analysis. In order to examine the phylogenetic relationships of strain NUM 2101 T in more detail using multi-locus sequence analysis (MLSA), the groEL, rpoB, gyrB and sodA sequences were determined. Partial sequences of groEL (757 bp), rpoB (680 bp), gyrB (458 bp) and sodA (435 bp) were amplified using the primers described by Glazunova et al. (2009) . Phylogenetic analyses indicated that groEL and sodA sequences of NUM 2101 T clustered with those of S. mutans and S. ursoris, respectively, while rpoB and gyrB sequences clustered with those of S. criceti and S. orisuis, respectively (data not shown). In MLSA, similarities of concatenated sequences of four housekeeping genes from the new isolates were 89.2 % and 89.7 % compared with those from S. criceti and S. mutans, Table 1 . Characteristics that differentiate NUM 2101 T from closely related streptococcal species Taxa: 1, S. oriloxodontae sp. nov. NUM 2101 T ; 2, S. criceti (data from Whiley & Beighton, 1998) ; 3, S. orisuis NUM 1001 T (Takada & Hirasawa, 2007) ; 4, S. ursoris NUM1615 T (Shinozaki-Kuwahara et al., 2011) ; 5, S. mutans (Whiley & Beighton, 1998) . All of the species are positive for Voges-Proskauer test, hydrolysis of aesculin, acid production from melibiose, and fermentation of mannitol and sorbitol. ni, Not identified. respectively, and an additional tree was reconstructed on the basis of the concatenated sequences of the four housekeeping genes by the neighbour-joining method (Fig. 2) . NUM 2101 T was positioned in a distinct lineage from S. criceti, S. mutans and other previously defined species.
Arbitrarily primed PCR analyses for genotyping of the newly proposed species and S. criceti were carried out as described by Tabchoury et al. (2008) using the OPA-3 primer. The novel isolates and S. criceti produced different fingerprint patterns (data not shown).
DNA-DNA hybridization was performed in three independent experiments according to the microtitre plate method described by Ezaki et al. (1989) with minor modifications (Takada & Hirasawa, 2007) . DNA-DNA relatedness was examined by using labelled DNA from NUM 2101 T with unlabelled single-stranded DNA from related streptococci (Table S1 ). The new isolates showed DNA-DNA relatedness values of .70 % with each other and, therefore, these results confirmed that the isolates belonged to the same species (Johnson, 1973) . Since these Enzyme activities of alanyl-phenylalanyl-proline arylamidase, b-glucosidase, naphthol-AS-BI-phosphohydrolase, acid phosphatase and leucine arylamidase are detected. Arginine dihydrolase, a-glucosidase, valine arylamidase, agalactosidase, b-galactosidase, b-glucuronidase, alkaline phosphatase, cystine arylamidase, N-acetyl-b-glucosaminidase and urease are not produced. Susceptibility to bacitracin is positive and a water-insoluble glucan is produced from sucrose by the action of glucosyltransferase.
The type strain is NUM 2101 T (5JCM 19285 T 5DSM 27377 T ), isolated from clinical specimens of the elephant oral cavity. The DNA G+C content of strain NUM 2101 T is 37.2±1.0 mol%.
